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Abstract

This essay examines citizen science, from a theoretical and conceptual perspective,
as an evolving field situated within emerging agendas for rights that intersect with
struggles for environmental, cognitive, and data justice. It contends that citizen science is a
polysemic concept, encompassing practices ranging from instrumental data collection to
democratic knowledge co-production. Drawing on diverse theoretical contributions and
incorporating recent debates within the participatory sciences approach, the essay foregrounds
perspectives from Global South authors, particularly decolonial and anti-colonial Latin
American thought. The essay explores how citizen science may either challenge or reinforce
power asymmetries. On the one hand, it can amplify diverse knowledge systems, foster
intercultural dialogue, and act as a form of data activism, strengthening citizenship.
On the other, it risks reinforcing platform capitalism, digital surveillance, and data
extraction, thereby undermining community autonomy. Cognitive justice and data
sovereignty are therefore not inherent conditions of citizen science, but outcomes dependent
on equitable governance arrangements, ethical protocols and safeguards, and open
infrastructures.
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1  Introduction

This essay1 proposes a critical conceptual framework for analysing citizen science through the
lenses of emerging rights agendas connecting environmental justice, cognitive justice and data
sovereignty. It draws on diverse theoretical contributions with particular attention to perspectives
from the Global South.


Its starting point is the ethical-political challenge posed by the Colombian sociologist Orlando
Fals-Borda [1987]: What kind of knowledge do we want and need? What is scientific
knowledge intended for, and who benefits or will benefit from it? To these questions, others
are added: citizen science for what, for whom, by whom, and, above all, under what
conditions?


2  A concept under construction

Citizen science is a relatively recent term, first used in the 1980s and 1990s, although the
contributions of so-called “amateurs” — those interested in science without professional training
— can be traced back the 19th century. The very term scientist was coined in the first
half of that century [Schulz, 2018], coinciding with the professionalisation of scientific
activity


Over the last two decades, citizen science has expanded, driven by a set of factors such as:



	 the diffusion of open science movements, diversifying agendas and issues;


	 the datafication of science, requiring the increasing production and digitisation of
vast volumes of research data; and


	 the intensification of planetary environmental crises posing new challenges to
science, especially in its relationship with society.


Citizen science builds on historic accumulated learning from different experiences and
approaches that do not necessarily, or explicitly, use this term — such as community science,
participatory science, public engagement in science, and citizen data generation. Even though
some semantic differences exist between them, these terms can be considered part of
the same field. Various expressions are also used to describe participants in citizen
science initiatives — citizen scientists, non-scientists, laypeople, amateurs, volunteers,
participants, contributors, collaborators, stakeholders — with nuances in meaning [Eitzel et al.,
2017].


Thus, citizen science is a polysemic term, encompassing diverse interpretations, practices, and
methodologies. These range from contributory models focused on large-scale data collection in an
instrumental sense [Bonney et al., 2009] to co-production and participatory research from
horizontal and democratic perspectives [Irwin, 1995]. While these approaches may coexist and
even complement each other, there may also be tensions between them, especially in contexts of
controversy and conflict.


In response to such tensions, parts of the field have preferred the term ‘participatory sciences’ as a
normative reorientation aimed at foregrounding shared governance practices. This terminological
shift reflects, to some extent, concerns about the exclusions embedded in the notion of citizenship
and signals an effort to better acknowledge diverse forms of participation [Kimura & Kinchy,
2016; Cooper et al., 2023; Shirk, 2024].


Other authors retain the term ‘citizen science’ but qualify it as ‘participatory’ and ‘democratic’
[Jaeger et al., 2023; Wehn et al., 2024]. Citizenship is understood here more as social participation
than as legal status, thus differentiating it from other, more instrumental approaches to citizen
science.


Allan Irwin’s argument about scientific citizenship, in turn, focuses on the idea that science and
citizenship are co-constituted, rather than separate domains in which science merely informs
pre-existing citizens. Scientific citizenship therefore involves the capacity of citizens to question,
interpret, negotiate and sometimes contest scientific claims, particularly where these intersect with
public values, environmental risks and policy decisions. At the same time, Irwin emphasises that
science itself is reshaped through these interactions, as public concerns, local knowledge
and political contexts influence how scientific problems are defined and addressed.
Participation, in this sense, is not automatically empowering: it can either deepen democracy or
reproduce exclusions, depending on who sets agendas, whose knowledge counts, and how
responsibility and authority are distributed between experts, institutions and publics [Irwin,
1995].


From a Global South perspective, on the other hand, these contributions also invite critical
reflection. Many such frameworks operate within institutional settings shaped by Northern
research agendas and institutional frameworks, which may limit their capacity to confront deeper
structures of epistemic asymmetry and extraction, coloniality, and geopolitical inequality. In this
context, other agendas have emerged that broaden and assign new meanings to the notion of
citizenship — and, consequently, to citizen science — and which go beyond participation in
science.


3  From environmental justice to cognitive justice

Citizen science has attracted increasing attention as a tool for addressing the challenges posed by
the intensifying planetary socio-environmental crisis, particularly the climate emergency and
accelerating biodiversity loss. The crisis underscores the need to promote sustainable
development at multiple levels. However, its causes and consequences are unevenly distributed
across countries, regions, and social groups, generating disputes over responsibilities and
solutions. Divergent perspectives and projects for the use of territories and resources coexist, and
often collide, reflecting a ‘war of worlds’, or competing worldviews [Latour, 2002]. Science is
neither neutral nor immune to such controversies; on the contrary, it is a constituent part of
them.


This has fuelled debate on socio-environmental and climate (in)justice [Schlosberg & Collins,
2014], which, in turn, connects to issues of cognitive justice, data justice, and data sovereignty, as
ontological and cognitive tensions intertwine and ways of being and living correspond to ways of
knowing.


Cognitive justice emerges from diverse intellectual, social and political movements and
traditions, such as anti-racist thought [Fanon, 1967], subaltern studies [Spivak, 1988],
and the ecology of practices [Stengers, 2005]. Literature from the Global South pushes
this critique further by situating these disputes within a geopolitical and geocultural
viewpoint.


Latin America has a long history of conceptualisation and experimentation in these topics, from
decolonial and anti-colonial perspectives. Notable contributions include those of the pedagogy of
the oppressed of the Brazilian educator Paulo Freire [Freire, 1970]; the participatory action
research of the Colombian sociologist Orlando Fals Borda [Fals-Borda, 1987]; the decolonial
perspective of several authors, such as the coloniality of power of the Peruvian Aníbal Quijano
[Quijano, 2000], and the coloniality of knowledge of the Argentine Walter Mignolo [Mignolo,
2000]. It also encompasses the anticolonial thought of Indigenous, Afro-descendant and feminist
authors — many of them building from an intersectional approach, — such as Andre Baniwa
[Baniwa, 2006], Ailton Krenak [Krenak, 2019], Antonio Bispo dos Santos, known as Nego Bispo
[Santos, 2015], and Lélia González [González, 1988], just to mention a few authors in
Brazil.


From these perspectives, citizen science has been re-contextualised in and as part of historical and
emerging struggles for rights: connecting the struggles for the right to land and territory,
to water, to food and nutritional security with the struggles for the right to cognitive
justice.


Indian sociologist Shiv Visvanathan, one of the pioneers in using the term, argues that cognitive
justice is a fundamental human right — the right of different forms of knowledge to coexist
without being delegitimised or rendered invisible — and a necessary condition for democracy
[Visvanathan, 1997, 2009].


In a similar vein, Indian anthropologist Arjun Appadurai [2006] proposes the “right to research”,
meaning democratising the ways and competences to produce and make use of information and
data to expand social influence in public policies.


In this context, citizen science extends beyond improving social collaboration to fill data gaps
in pursuit of a pseudo-consensus on sustainable development, which can function as
an instrument for depoliticising and rendering conflicts invisible [Kinchy, 2017]. By
contrast, citizen science can serve as a valuable tool for making legible different logics of
social and territorial inscription, by asking: who is authorised to speak, and who is
heard?


Citizen science can thus foster greater porosity and dialogue between science and a broad
spectrum of actors, types and spaces of knowledge production [Tengö et al., 2021]. This involves
interepistemic and intercultural dialogue, oriented not towards the scientific validation or
subordination of community knowledge regimes under established scientific authority and
certification criteria (usually Western science), but towards exploring how coexisting knowledge
systems and practices can learn from one another. From a cognitive justice perspective, this
approach recognises the contributions of diverse knowledge regimes, particularly those of
minoritised and racialised communities, including Indigenous, traditional, and spiritual
knowledge systems, as well as groups at risk and in conditions of social vulnerability [Povinelli,
2016; Lorenz & Lepenies, 2023]


On the other hand, cognitive justice does not imply that all knowledge systems are
interchangeable or equivalent across all contexts. Rather, different systems possess distinct
capacities, purposes, and scales. Injustice arises when one system claims universal validity and
delegitimises others.


In Latin America, some projects have conducted important experiments using participatory
approaches that promote dialogue between science and traditional and ancestral knowledge. One
example is the Citizen Science for the Amazon Program (Programa Ciência Cidadã para a
Amazônia),2 developed by the Amazon Waters Alliance Network in the Pan-Amazon region,
which aims to generate information on fish and water systems at an Amazonian scale through the
participation of local fishing communities. Another example is Community Sentinels (Centinelas
Comunitários),3 a citizen science initiative, developed in Chile, based on participatory community
monitoring to generate information about the social and environmental conditions of local
territories.


4  Data justice and data sovereignty

Citizen science increasingly relies on digital infrastructures and tools for data collection, recording,
storage, and analysis [Lemmens et al., 2021], ranging from mobile applications to data platforms
and repositories.


These infrastructures can connect scientific projects to social and environmental concerns;
strengthen collective intelligence; and amplify the visibility and policy impact of citizen and
community data [Whitelaw et al., 2003; Fernandez-Gimenez et al., 2008]. But they also bring risks
of reinforcing ‘platform economy’ or ‘platform capitalism’, that is, a business model based on the
control of digital infrastructures by big tech companies, enabling data extraction, the exploitation
of unpaid volunteer labour, as well as surveillance by states and markets [Srnicek, 2016]. The
scientific ecosystem itself has also been platformised: commercial publishers now function as
academic data oligopolies, selling data services to research funding institutions [Chen et al., 2019;
Trinca et al., 2022].


Against this backdrop, data justice and data sovereignty gain centrality. The concept of data justice
[Taylor, 2017] arises in the context of big data as a strategic resource [Mayer-Schönberger &
Cukier, 2013], algorithmic governance [Rouvroy et al., 2013], and digital surveillance [Zuboff,
2019]. It highlights how data-driven systems amplify power imbalances, advocating equity and
transparency in data production, governance, and use, while questioning who benefits and who is
harmed in the digital economy. In this scenario, artificial intelligence presents both opportunities
and risks [Fortson et al., 2024].


Data sovereignty [Baezner & Robin, 2018] extends the concept of national sovereignty to the
digital domain, arguing that data is subject to the laws and governance of the nation-state in
which it is generated. This debate now expands the concept beyond the sovereignty of nation-state
over data to include the autonomy of communities and individuals to make decisions about their
personal and territorial data, which are increasingly threatened by corporate and state control
[Zuboff, 2019].


Digital sovereignty [Christakis, 2020] refers to control over data localisation, that is the principle
that certain data should be stored within the physical borders of the country of origin.
Dependence on proprietary infrastructures, dominated by international corporations, particularly
impacts countries in the Global South, especially regions and communities that are most affected
by the digital divide.


5  Research and data protocols and safeguards

In this context, the open science and citizen science agendas have become increasingly intertwined
[Albagli, 2015; Wehn et al., 2024]. Citizen science has contributed to expanding understandings of
open science beyond access to scientific information alone, as reflected in two of the four pillars of
UNESCO’s recommendations for open science [UNESCO, 2022]: ‘open participation of social
actors’ and ‘open dialogue with other knowledge systems’. At the same time, open
science principles have reinforced expectations around the sharing of data generated
through citizen science, bringing questions of data justice and data sovereignty to the
fore.


From a cognitive and data justice perspective, the adoption of research and data protocols and
safeguards has been indicated as playing an important role in addressing asymmetrical
relationships between participants in citizen and participatory science projects and as ways of
addressing risks of academic extraction and corporate exploitation of community knowledge and
data [Cooper et al., 2023; Benyei et al., 2023].


The CARE principles — collective benefit, authority to control, responsibility, and ethics —
originally developed for Indigenous data governance [Carroll et al., 2020], have been presented as
complementary to the FAIR principles (that data be findable, accessible, interoperable, and
reusable), proposed to improve the management of scientific data. [Wilkinson et al.,
2016].


In this same vein, a number of criteria have been proposed to guide research practices and shape
conditions for ethical and fair participation in citizen science projects. These include: the
recognition of local knowledge validation systems alongside scientific ones; degrees of community
decision-making autonomy, with attention to how consent is obtained and maintained in favour
of free and informed consent; the ways in which results are returned to participating
communities and the mechanisms for benefit-sharing; and transparent and fair governance
practices.


Open data infrastructures have taken on particular importance in this scenario. From the
perspective of Science and Technology Studies (STS)„ infrastructure is understood not
merely as a technical substrate but as part of broader socio-technical arrangements [Star,
1999].


Questions of infrastructure governance, including how data circulate within and across systems,
also carry significant implications. Discussions on data sovereignty in citizen science have
addressed aspects such as: who exercises control over access, storage, and reuse of data; whether
communities are able to refuse secondary uses of data; and the extent to which open or
community-governed infrastructures are employed.


Taken together, these considerations point to challenges for the institutional and regulatory
frameworks that shape research, policymaking, evaluation, and funding in science, technology,
and innovation. They highlight the relevance of understanding how existing and emerging
regulations, at national and international levels, affect the production, access to, and use of data
and knowledge generated through citizen science initiatives.


6  Final remarks

Cognitive justice, data justice, and data sovereignty are not inherent attributes of citizen science;
they may either be advanced or undermined by it.


Citizen science functions as a practical expression of cognitive and data justice when it fosters
equitable dialogue between scientific and other knowledge regimes, enabling co-creation
and respecting community validation systems rather than treating them as extractable
data.


Citizen science also serves as a form of data activism [Milan & Gutiérrez, 2015] when it empowers
communities to generate counter-data that challenge dominant narratives. In this sense, it can
operate as a ‘sounding board’ [Stengers, 2010] for a heterogeneous range of social and
cognitive actors, amplifying societal influence over both public and private policies. In
Brazil, one example is the project “What Mud Is This?”, (Que Lama é essa?) which
investigates the condition of water, flood sediments, and soils at sites across the river
basins of the Rio das Velhas, Paraopeba, and Doce rivers in Minas Gerais, following
the heavy rains of January and February 2022 and the collapse of mining dams in the
region.


The absence of equitable governance arrangements, data protocols, and research ethics safeguards
creates a risk of practices that fail to align with the values and interests of communities and that
exploit their knowledge and data without fair returns. Such protocols and safeguards emerge from
deliberate political and ethical choices and depend on processes of negotiation among all parties
involved.


From a Global South perspective, however, neither terminological reform nor procedural inclusion
is sufficient to address deeper historical and structural injustices rooted in colonialism,
extractivism, and epistemic domination. Cognitive justice, from this standpoint, entails not merely
recognising diverse knowledge systems, but confronting the unequal global political economy of
knowledge production, circulation, and validation through explicitly anti-colonial approaches to
knowledge-making. Similarly, data justice is not only a matter of governance models or ethical
stewardship, but also a question of sovereignty, ownership, and the geopolitical consequences of
data extraction.


These are challenging issues that position citizen science as a terrain of contestation within
broader counter-hegemonic and anti-colonial struggles, contributing to the strengthening and
expansion of the meaning of citizenship as part of the relationship between power and
knowledge.


This entails not merely “respecting differences” but also honouring divergence. It involves
understanding communication in its etymological sense of ‘becoming common’, as an encounter
between and within difference [Lafuente & Estalella, 2015]. From this perspective, citizen science
can be approached as an instrument for promoting a ‘great dialogue’ among different forms of
knowledge.
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1. This essay is based on a keynote talk presented by the author at the
Public Communication of Science and Technology (PCST) Conference 2025.
2.
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